Observations of the anomalous absorption of low-power HF probe waves caused by the action of a highpower HF ordinary mode radio wave are presented. At pump frequencies in the vicinity of harmonics of the electron gyrofrequency the anomalous absorption measured on the low-power probe waves exhibit local minima. Also at these frequencies, large-scale changes deduced from phase measurements of the low-power probe waves and heater self-absorption are reduced, whereas the growth time of the anomalous absorption is increased. The electron gyrofrequency estimated from the frequency of the absorption minimum compares favorably with that derived from the International Geomagnetic Reference Field (IGRF) magnetic field model.
spectra has been associated with the existence of FAI and is found not to be present at pump frequencies near gyrofrequency harmonics [Leyser eta/., 1990] . Belyakova et al. [1991] and Lobachevsky et al. [1992] studied Doppler measurements made during heating. They found that while small-scale electron density perturbations were found near the pump reflection and upper hybrid resonance (UHR) heights during heating far from gyrofrequency harmonics, during heating at the third harmonic these perturbations were not detected at the UHR. The disappearance of the DM at gyrofrequency harmonics and its apparent dependence on the presence of FAI prompted the investigation of anomalous absorption characteristics at pump frequencies close to gyrofrequency harmonics which is reported in this paper.
Observations from two campaigns (May and August 1991) in which the signal strength and phase of low-power HF diagnostics and heater self-absorption were measured at heater frequencies close to harmonics of the electron gyrofrequency are presented in section 3. In section 4 values of the electron gyrofrequency estimated from measurements of the anomalous absorption are compared with those derived from the IGRF model, and finally, possible explanations for some of the observed features are also discussed.
EXP•AL ARRANOEMENT
The experimental arrangement for the present experiment is almost identical to that employed for several previous observations of anomalous absorption at Troms0 [e.g., Jones et al., 1986] . The locations of the various sites where equipment was deployed in two heating campaigns (May and August 1991) are illustrated in Figure 1 . The heater which is located at Ramfjordmoen about 16 km to the southeast of Troms0, Norway, has been described by Stubbe et al. [1982b] . However, recently, the number of elements in one of the antenna arrays has been increased by a factor of 4 resulting in an increased gain of 6 dB. Thus a maximum effective radiated power (ERP) of about 1 GW can now be transmitted in the frequency range 5.5 o 8 MHz (the so-called "superheater"). During the experiments described in this paper, the heater A schematic of the heater cycles employed during these experiments is depicted in Figure 2 . The heater was first tuned to the required frequency, a process which usually took 1 to 2 min. Then, during a 4 min period when the heater was operating, the spectrum of the reflected heater signal was measured. In the May 1991 experiments this was followed by two heater cycles of 30 s off, followed by 30 s on. In August 1991, one heater cycle of 1 min off, followed by 1 min on, was transmitted anomalous absorption in each experiment. It should be pointed out that the minimum in anomalous absorption did not necessarily occur at the same frequency for each experiment, an observation which is hardly surprising if the location of the minimum is related to the electron gyrofrequency since this will vary with magnetic field strength and therefore heater reflection height. This point is discussed further in section 4. As in Figure 4 , the most obvious feature at all three values of n in Figure 5 is that the anomalous absorption reduces to a minimum of about 2 -3 dB for a narrow range (20 -30 kHz) of pump frequencies. From measurements of the spectrum of the reflected heater wave, it appears that the minimum in anomalous absorption is related to the disappearance of the downshifted maximum feature in the stimulated emissions (P. .g., Figure 7d ). It is reasonable to conclude that the asymmetry in heater self-absorption is evidence in favor of an additional process taking place at pump frequencies above the absorption minimum which reduces the reflected heater signal without having any effect on the formation of FAI and hence the anomalous absorption of the diagnostic wave. The minimum in self-absorption observed on May 15, 1991, is also located at the same pump frequency as the diagnostic absorption. The weak "double dip" feature observed in the anomalous absorption (Figure 7a ) is strongly present in the self-absorption (Figure 7d ). As noted above, the level of selfabsorption measured above and below the absorption minimmn on May 15 is essentially the same.
It is interesting to note that the quantities in Figures 6 and 7 appear to be unaffected by the heater power. This is not. unexpected since the electric field produced by the Troms0 heater even at lower powers (ERP -200 MW) can exceed the excitation threshold for the thermal parametric instability which is responsible for the generation of the FAI.
ESTIMATE OF ELECTRON GYROFREQUENCY FROM ANOMALOUS ABSORFHON MINIMUM
Although it is clear that the minimum in anomalous absorption observed at Troms0 occurs when the pump frequency is close to a harmonic of the electron gyrofrequency, it is not certain whether the minimum occurs when the pump is exactly at the harmonic. In order to investigate this the electron gyrofrequency estimated from the anomalous absorption observations has been compared with that derived from the IGRF magnetic field model (Figure 8 ). In this figure the frequency at which the minimum in anomalous absorption occurred divided by the gyrofrequency harmonic number, n (e.g., for 6.77 MHz, n=5), has been plotted as a function of heater interaction height. Data from all the successful experiments of both campaigns have been included in the figure. The heater interaction height has been determined by ray tracing [Jones and Stephenson, 1975] through the appropriate electron density profile. The ambient real-height electron density profiles have been calculated from ionograms by utilizing the POLAN computer code [Titheridge, 1985 [Titheridge, , 1988 . The solid curve in Figure 8 
DISCUSSION
It is generally accepted that the anomalous absorption of HF probe waves is a result of scattering from FAI generated by an o mode pump wave through the action of the thermal parametric instability [e.g., Graham and Fejer, 1976] . Therefore a possible explanation for the reduction of anomalous absorption in the vicinity of electron gyrofrequency harmonics is that the FAI are only weakly excited by the heater at these pump frequencies. This interpretation is also supported by the disappearance of the DM from the SEE spectra since Leyser et a/. [1992] argue that this feature is dependent on the generation of upper hybrid waves (UH) in the presence of FAI. However, although Fialer [1974] found an increase in field-aligned scattering crossesection at pump frequencies close to the second harmonic, to our knowledge no radar observations of FAI intensity at pump frequencies close to highergyrofrequency harmonics have been reported. It should be noted that Leyser et al. [1992] found that the DM was absent in a limited range of heater frequencies, the exact ranger being dependent on the gyrofrequency harmonic (5 kHz for n=4, 3 kHz at n=5, and I kHz at n=6). These authors also found that the intensity of the DM was weakened at pump frequencies up to 20 kHz from the gyrofrequency harmonic. During the experiments reported here, the smallest step in heater frequency was 10 kHz and therefore our measurements may not have been sufficiently close to the harmonic for anomalous absorption to be reduced to zero. HoWever, it is clear that the maximum reduction in anomalous absorption occurs over a 20-kHz range of pump frequencies.
The disappearance of the DM feature close to harmonics of the electron gyrofrequency has been treated in the literature by Rao and Kaup [1990] who have developed a theory for upper hybrid wave conversion into nonpropagating electrostatic electron cyclotron harmonic (Bernstein) modes for electromagnetic waves close to harmonics of the electron gyrofrequency, whereas Leyser et al. [1990] have attributed the absence of the DM feature to the damping of the UH waves which are propagating with frequencies near harmonics of the electron gyrofrequency. In both cases, UH waves are required in the first place before either becoming mode converted or damped, whereas the excitation of the UH wave itself depends on the presence of FAI. On the other hand, the quenching of the anomalous absorption at frequencies close to harmonics of the electron gyrofrequency indicates that the intensity of the FAI is probably reduced at these frequencies, implying that the UH waves may only weakly be excited in the first place. We therefore suggest that other mechanisms such as direct conversion of electromagnetic waves into electrostatic Bernstein modes are involved. A detailed calculation regarding the required threshold value for the suggested process is beyond the scope of this paper and will be dealt with elsewhere.
The heater self-absorption is also reduced for pump frequencies close to electron gyrofrequency harmonics. The higher level of heater self-absorption at pump frequencies above the gyrofrequency harmonic compared to those observed below ( Figure 6 ) is not accompanied by a similar asymmetry in the other measured quantities (i.e. anomalous absorption, absorption onset time, and phase changes). This would seem to indicate that the mechanism leading to additional heater absorption which operates above the gyrofrequency does not result in the intensification of FAI (and hence increased anomalous absorption) or enhanced large-scale (i.e., phase) effects. It is interesting to note that in the experiments performed to date, the asymmetry in heater serf-absorption has always been observed at the fourth harmonic of the gyrofrequency but never at either the third or the fifth harmonics. This suggests that the mechanism which leads to the asymmetry in self-absorption requires the relatively stable heater reflection height found for pump frequencies well below the F region peak and well above the E region. The "double dip" which is always observed in anomalous absorption (e.g., Figure 4) at the fifth harmonic and occasionally at the fourth harmonic is also seen in the heater serf-absorption. This feature is also observed when the data are averaged over a number of experiments ( Figure 5 ) and therefore would appear to be a systematic feature. Currently, there appears to be no theoretical explanation for the presence of the "double dip."
